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@ Anaerobic adhesive composition. 



@ There is provided an anaerobic adhesive composition high in curing speed and superior in 
preservabllity, comprising 

(a) o-l>enzoic sulfimide. (b) an organic hydrazine compound, (c) an organic isocyanate compound 
or a carboxyllc acid anhydride and (d) an organic peroxide Incorporated in a polymerizable acrylate 
ester. 
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Background of the Invention 



The present invention relates to an anaerobic adhesive composition and more particularly to an anaerobic 
adhesive composition which cures at room temperature between adjacent surfaces, for example in a fine gap 
5 of metal, in an extremely short time and exhibits an excellent bonding and sealing effect. 

Various anaerobic adhesive (incl. filler) compositions have heretofore been known, typical of which is a 
combination of a polymerizable acrylate ester such as polyethylene glycol dimethacrylate or urethane acrylate 
with a peroxide initiator and a polymerization inhibitor which is for enhancing stability. If desired, this combi- 
nation further incorporates therein a polymerization accelerator, examples of which are amines, amides and 
10 imides. The polymerization accelerator functions to increase the curing speed of the composition and permit 
long-term preservation. However, many of the conventional polymerization accelerators involve drawbacks, for 
example, low stability or curing speed of the adhesives, so should be further improved. 

In many cases, moreover, in such multi-ingredient type anaerobic adhesive compositions.the effect 
obtamed differs greatly, depending on the ingredients used, and so it has been strongly desired to develop a 
15 combination which fully satisfies both curing speed and preservability. 

The present invention resides in an anaerobic adhesive composition having a quick curing property and 
comprising a polymerizable acrylate ester, (a) o-benzoic sulfimide, (b) an organic hydrazine compound, (c) an 
organic isocyanate compound or a carboxylic acid anhydride and (d) an organic peroxide. 

When o-benzoic sulfimide and an organic hydrazine compound are combined together and further com- 
20 bined with an organic isocyanate compound or a carboxylic acid anhydride, an excellent effect is exhibited 
selectively in comparison with the case where the o-benzoic sulfimide and organic hydrazine compound are 
each independently added to a polymerizable acrylic acid ester containing an organic peroxide. 

The organic hydrazine compound used in the present invention is a compound represented by the following 
general formula: 
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>N - NH2 

wherein represents hydrogen, alky!, cycloalkyi, aryl, alkenyl, or arylsulfonyl, the number of carbon atoms of 
Ri is preferably not larger than about 10. and represents Hydrogen, alkyi, cycloalkyi, alkenyl, aryl. carbonyl, 
or a group represented as follows: 
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- C~N- NH2, — C-^N-NH2 

II II H II H 

0 0 0 

40 where R3 represents an alkylene group having 1 to about 10 carbon atoms, an alkenyl group having 2 to about 
10 carbon atoms, or an aryl group having up to 10 carbon atoms. 

Typical examples of the organic hydrazine compound include hydrazine, methylhydrazine, phenylhyd- 
razine, 1,1-dimethylhydrazine, hydroxyethyl hydrazine, 1,1-dlphenylhydrazine. 1-methyl-1-phenylhydrazine, 
carbodihydrazine, adipic dihydrazine, sebacic dihydrazide. dodecane-dicarboxylic acid dihydrazide, isoph- 

45 thalic dihydrazide, maleic hydrazide, benzophenone hydrazone, benzensulfonyl hydrazide, and p-toluenesul- 
fonyl hydrazide. Of course, no limitation is made to these compounds. The amount of the organic hydrazine 
compound to be used is preferably in the range of 0.001 to 5, more preferably 0.005 to 3, parts by weight based 
on 100 parts by weight (also in the following) of the polymerizable acrylate ester. A too small amount thereof 
will result in decrease of the curing speed, and even if it is too large, it is impossible to expect any improvement 

50 of effect 

o-Benzoic sulfimide is preferably used in an amount of 0.1 to 5 wt%. 

The organic isocyanate compound is a compound having one or more isocyanate groups. Particularly pre- 
ferred is a substituted or unsubstituted, aliphatic or aromatic, mono- or diisocyanate having 1 to 12 carbon 
atoms. Examples are phenyl isocyanate, methyl isocyanate, tolylene diisocyanate, diphenylmethane diisocyan- 
55 ate, isophorone diisocyanate, naphtalene diisocyanate, triethoxypropyl isocyanate, and isocyanatopropyl 
methacrylate. ; 

The organic carboxylic acid anhydride is a compound having one or more carboxylic acid anhydride groups. 
Particularly preferred is a substituted or unsubstituted, aliphatic or aromatic, dicarboxylic acid anhydride, or a 

2 



EP 0 499 483 A1 



polymer deiiv d therefrom. Examples are succinic anhydride, maleic anhydride, phthalic anhydride, trimellitic 
anhydrid , pyromeliitic anhydride, benzophenonetetracarboxyiic anhydride, ethylene glycol bistrimellitate, 
glycerol tristrimellitate, tetrahydrophthallc anhydride, melhyltetrahydrophthalic anhydride, endomethylenetet- 
rahydrophthalic anhydride, methylendomethylenetetrahydrophthalic anhydrid . m thylbutenyltetrahyd- 
rophthalic anhydride, dodecenylsuccinic anhydride, hexahydrophthatic anhydride, methylhexahydrophthatic 
anhydride, methylcyclohexenedicarboxyttc anhydride, alkylstyrene-maleic anhydride copolymer, polyazelaic 
anhydride, and aliphatic long-chain dibasic acid anhydrides: 

H-foC— R*— C-^OH 
L 1) 11 J» 

0 0 

R** : — e CH2 -h CH-eCHz 

I 

C2H5 

-eCHa eCH2-CH2 -^t eCH2-is eCH2 -)-TTr- . 

— f-CHs— trB- , etc. 
n : 2 or more, e.g. 2 to 10 

The organic isocyanate compound or the carboxylic acid anhydride both exemplified above is preferably 
used in an amount of 0.001 to 5 parts. If the amount thereof is too small, the curing speed will be decreased 
and the stability deteriorated, and even if it is too large, it is impossible to expect any improvement of effect. 

As the polymerizable acrylate ester therfe may be used a l<nown one. Typical examples are classified into 
polyacrylate esters and polyurethane acrylates. Examples of polyacrylate esters Include di-, tri- or tetraethylene 
glycol dimethacrylate, di(pentamethyl glycol) dimethacrylate, tetraethylene glycol diacrylate, diglycerol acry- 
late, diglycerol tetramethacrylate, butylene glycol dimethacrylate, neopentyl glycol diacrylate, and trimethylol- 
propane triacrylate. Monofunctional acrylate esters (esters containing one acrylate group) are also employable, 
typical examples of which include cyclohexyl methacrylate, tetrahydrofurfuryl methacrylate, hydroxyethyl acry- 
late, hydroxypropyl methacrylate, t-butylaminoethyl methacrylate, and cyanoethyl acrylate. Polyurethane acry- 
lates are reaction products of monomers having acryl group and active hydrogen, polyisocyanates and 
compounds having active hydrogen. Examples are reaction products of hydroxy! and amino group-containing 
monomers such as hydroxyethyl acrylate, hydroxyethyl methacrylate, aminoethyl methacrylate, 3-hydroxyp- 
ropyl methacrylate, aminopropyl methacrylate and hydroxyhexyl acrylate, polyisocyanates such as 
hexamethylene diisocyanate, tolylene diisocyanate, diphenylmethane diisocyanate and isophorone diisocyan- 
ate, and polyether dtols (e.g. polypropylene glycol, polytetramethyiene glycol, polyethylene glycol), polyolefin 
diols, polybutadiene diols, polybutadleneacrylonltrile copolymer terminated diols or polyacryllcester terminated 
doils. As to these reaction products, bonding can be effected at room temperature or in a heated state to a 
temperature of about 40' to ISCC. 

Typical organic peroxides employable in the invention are diacyl peroxides, dialkyi peroxides, ketone 
peroxides and peroxy esters. Particulariy useful are such organic hydroperoxides as cumene hydroperoxide 
and t-butyl hydroperoxide, with cumene hydroperoxide being especially desirable. The amount of the organic 
peroxide used in the invention should be in the range of about 0.01 to about 10 wt%, preferably 0.1 to about 5 
wt%, based on the weight of the entire composition. Other useful polymerization initiators are those which gen- 
erate radicals under the radiation of ultraviolet light. Examples are carbonyl compounds, including 
acetophenone, benzophenone and benzoin ethers. Suitable examples of ultraviolet polymerization initiators are 
benzoin compounds such as benzoin, benzoin methyl ether, benzoin ethyl ether, a-methytbenzoln and a- 
phenylbenzoin, as well as 1-hydroxycyclohexylphenylketone, 2,2-dimethoxy-2-phenylacetophenone, dieth- 
oxyacetophenone, and 2-methyl-1-(methylthiophenyl)-2-(4-morpholinyl)-1-propanone. 

The curable composition of the present invention can be prepared as a binary composition. There may be 
adopted a method wherein the polymerization initiator as a first component and the others as a second com- 
ponent are each applied to the surface to be bonded. 

Where the curable composition is applied to an inert surface or between two surfaces spaced through a 
fairiy wide gap, it is desirable to use a suitable primer. 
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[Examples] 
Example 1 

3 parts of o-benzolc sulfimide was added to 100 parts by weight of triethylene glycol dimethacrylate, fol- 
lowed by dissolving under heating at 50°C for 4 hours and subsequent cooling to room temperature. Then, 1 
part by weight of cumene hydroperoxide, a predetermined amount of a hydrazine compound and 1 part of 3- 
Isocyanatopropyl methacrylate were added and stirring was made thoroughly to prepare an anaerobic adhen- 
slve. Initial set time, time until reaching a practical strength, bonding strength, and 80°C gelation time, were 
measured. The results obtained are as shown In Table 1. 

The initial set time is the time required until a shaft is non longer movable easily by hand after the application 
of the adhensive to a defatted fitting test piece, fixing and subsequent standing at25°C. The time until reaching 
a practical strength is the time required until the bonding strength reaches equilibrium after bonding. The bond- 
ing strength Is a value of the strength obtained when such equilibrium has been reached. The measurement 
of bonding strength was perfomied at a pulling rate of 1 0 mm/min, using TENSILON (a product of Orlentec K.K,). 
For measuring the 80 **C gelation time, the adhesive was placed in a glass test tube, which was then allowed 
to stand in a hot air dryer held at 80*'C, and the time until increase in viscosity or gelation of the adhesive was 
measured. Unless there is any abnormal condition at 80°C for 2 hours or more, the adhesive is stable at room 
temperature for one year or more. This has been confirmed by the present Inventors. 
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Example 2 

The hydrazine compounds used in Example 1 were substituted by 0.5 part of phenyl hydrazine and a pre- 
determined amount of an Isocyanate compound was added, followed by through stirring, to prepare an 
5 anaerobic adhesive. Tests were conducted In the same way as In Example 1 . The results obtained are as shown 
in Table 2. 
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Example 3 

1 part of o-benzoic sulfimide was added to a mixture consisting of 50 parts of dimethacrylate of a bisphenol 
A - ethyl ne oxide 2 mole adduct and 50 parts of a hydroxyl group-containing polymerizable m thacrylic ester 
5 shown in Table 3, followed by stlning at 50°C for 4 hours, to effect dissolving. After subsequent cooling to room 
temperature. 0.5 part of phenylenehydrazine, 1 part of phenyl isocyanate and 0.5 partof cumene hydroperoxide 
were added, followed by thorough stirring, to obtain an anaerobic adhesive. Tests were conducted in the same 
way as in Example 1. The results obtained are as shown In Table 3. 
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Comparative Example 1 

Adhesives were prepared by excluding one ingredient respectively from compositions according to the pre- 
sent invention, and tests were conducted in the same manner as in Example 1. Tables 4 and 5 show compo- 
5 sitlons and physical properties, respectively. As Is apparent from Table 5, if even one ingredient is omitted from 
a composition according to the present invention, a desired adhesive is not obtained. In the systems not con- 
taining o-benzoic sulftmide and hydrazine compound, respectively, the initial set time is longer than 20 minutes, 
and In the system not containing an isocyanate compound, the gelation stability is very bad. Further, the hyd- 
ro peroxide-free system is very poor in adhesive property. 
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Example 4 

An experiment was perfomied in the same way as in Example 1 except that 1 part by weight of maleic 
anhydride was used in place of 3-isocyanatopropyl methacrylate. The results obtained are as shown in Table 
6. 



12 



EP 0 499 483 A1 



10 



c 

o 



o 

ao 





Cm 






c 


x: 






x: 


x: 




rvj 


rsj 




CM 




/\ 


/\ 


/\ 





OJ 



x: 



x; 



20 



25 



30 



35 











4J 








CO 








c 
























4J cd 










E 


O 


o 


x; 




CO 


lO 


60 00 








c 


to 






—I t- 








•O Q) 








C T3 








O C 
















O 




















c 


c 












to 


E 


s 




a 








a> 


O 


LA 


S cd 
















e-" cu 












o 


O 




o 


OJ 


a> 


4^ 


B 




w 


0) 


■•H 






CO 


E- 


o 


o 






cn 


CM 



o 

CM 



Ln 
o 



o 

CM 



O 



O 



o 
in 



■—I 

B 



O 
CM 



C 
B 

in 



o 

CO 



o 

oo 



o 



o 

CM 



o 


a 


o 


o 


o 


a 


OJ 




OJ 


a; 


a> 




w 


to 


w 


w 


w 


w 


o 


o 


o 


o 


o 


o 


cn 


CM 






\o 


CO 



o 

oo 



o 
to 
o 



40 



4-> 

O 



in 


in 


in 


in 


in 




o 


o 


o 


o 


o 


o 



in 
o 



50 









0) 


qj 








c 


c 














c 


•a 










c 


Cd 


Cd 














cd 


O 








t. 


CL 


>> 


>> 




■a 


a 


x: 


x: 


QJ 


>> 


o 


j-H 


1— 1 




DC 




>> 


>> 


X3 






x: 


c 


nJ 






4-) 


<v 








(!} 


x: 








2: 





a 

■rH 
N 
Cd 

•a 
>» 
x: 

>> 

x: 

4-> 

<u 

B 



<u 






0) 










n 


o 




c 












c 






1— 1 










•rH 






>> 




>> 




Cd 


N 


a> 


Cd 


c 




C 




^ 


cd 


c 




o 




o 






Jm 


•r-i 


-a 


<u 








>> 


x> 




>» 


i-H 




rH 




x: 


>> 




JC 




cu 


3 


<U 


rH 


x: 






(0 




CO 


C 


>» 


•r-l 


•a 


>. 


0) 




0) 


'ft 


c 


•o 


>» 


x: 


c 


N 


c 








x: 


j-> 


0) 


Cd 


<v 


cd 


x: 


a 


i—i 


cu 






3 


t. 


1 CL 


••H 


>> 


1 a 






1— < 


•o 




Q. 


c 




o 


>» 


o 


>» 


o 




(U 






x: 




x: 






x: 




1 




1 






<i: 










Q. 





55 



13 



EP 0 499 483 A1 



Example 5 

The hydrazine compounds used in Example 4 were substituted by 0.5 part of phenyl hydrazine and a pre- 
determined amount of a carboxylic acid anhydride was added, followed by thorough stirring, to prepare an 
5 anaerobic adhesive. Tests were conducted in the same manner as in Example 4. The results obtained are as 
shown in Table 7. 
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Example 6 

1 part of o-benzoic sulfimlde was added to a mixture consisting of 50 parts of dimethacrylate of a bisphenol 
A - ethylene oxide 2 mole adduct and 50 parts of a hydroxy! group-containing polymerizable methacrylic ester, 
followed by stirrinig at 50**C for 4 hours to effect dissolving. After subsequent cooling to room temperature, 0.5 
part of phenylhydrazine, 1 part of maleic anhydride and 0.5 part of cumene hydroperoxide were added, followed 
by thorough stirring, to prepare an anaerobic adhesive. Tests were conducted in the same way as in Example 
1. The results obtained are as shown In Table 8. 
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[Effects of the Invention] 

The anaerobic adhesive composition of the present invention Is a very quick curing composition in a one- 
pack form and is highly stable in preservation and can stand a long-term preservation. Further, the adhesive 
once cured is superior In the resistance to heat, water, oil and weather, thus greatly contributing to the develop- 
ment of Industry. 

Claims 

1. An anaerobic adhesive composition having a quick curing property comprising a polymerizable acrylate 
ester and, (a) o-benzoic sulfimlde, (b) an organic hydrazine compound, (c) an organic isocyanate conr^- 
pound or a carboxyic acid anhydride and (d) an organic peroxide. 

2. An anaerobic adhesive composition as set forth in claim 1 , wherein 0.1-5 parts by weight of the o-benzolc 
sulfimide, 0.001-5 parts by weight of the organic hydrazine compound, 0.01-5 parts by weight of the organic 
Isocyanate compound or the carboxylic acid anhydride and 0.05-5 parts by weight of the organic peroxide 
are used per 100 parts by weight of the polymerizable acrylate ester. 
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